During spermiogenesis of an alga Chara vulgaris, which in many aspects resembles that of animals, histones are replaced by protamine-type proteins. Our earlier immunocytochemical studies showed that this replacement started during the short stage V of spermiogenesis, when electronograms revealed an extensive system of cisternae and vesicles of endoplasmic reticulum (ER). The present studies revealed at stage V intensive incorporation of labeled 3 H-arginine and 3 H-lysine quickly translocating into a nucleus visualized with pulse-chase autoradiography of semithin sections. The immunogold technique with the use of the antibodies to protamine-type proteins isolated from Chara tomentosa show that both ER cisternae and vesicles are labeled with gold grains, which are absent from the spermatids not treated with the antibodies; thus, the ER is probably the site of the protamine-type protein synthesis. These proteins then are translocated to a nucleus through ER channels connected with the nuclear envelope, as suggested by gold labeling of an inner membrane of the nuclear envelope adjacent to condensed chromatin. The above results correspond with those of other authors showing that in animals, protamines bind with lamin B receptors localized in the inner membrane of the nuclear envelope. A hypothesis has been put forward that during Chara spermiogenesis the inner membrane of the nuclear envelope invaginates into a nucleus together with protaminetype proteins, which become separated from the membrane and penetrate into chromatin.
INTRODUCTION
Spermiogenesis, the process of spermatid differentiation leading to the formation of mobile spermatozoids, shares many common features in animal and plant organisms, among the most important being extremely strong chromatin condensation connected with the replacement of histones by protamines or other strongly basic proteins that protect the male genome against harmful external factors [1, 2] . This process is very common and well studied in animals; it has been observed, among others, in fish and mammals, including humans [2] , as well as in Drosophila melanogaster [3] . In plants, spermiogenesis takes place only in the organisms producing freemoving spermatozoids, which reach ovary cells in water. The process of nuclear protein exchange was described in Marchantia polymorpha [4] and Marsilea vestitia [5] , as well as in higher algae Chara corallina [5] , Chara vulgaris [6] [7] [8] , and Chara tomentosa [8, 9] . Unlike in mammals, where spermatids result from meiosis, in the haplobionts from Chara species, spermiogenesis is only preceded by some synchronous mitotic divisions of antheridial filament cells (cell cycle S þ G 2 þ M) [10] [11] [12] [13] .
The replacement of nucleohistones by nucleoprotamines during spermiogenesis is the key morphogenetic process whose correct course is a prerequisite for proper development and functioning of spermatozoids [14] [15] [16] [17] . However, further studies are required for both medical and reproduction purposes. For example, it is not clear whether the synthesis of protamines in the cytoplasm occurs in free ribosomes or in those bound with the endoplasmic reticulum (ER). There is also no information concerning the way by which the protamines are transported to a nucleus. Contrary to histone H1, for which importin 5 (IPO5, also called importin beta 3) was identified [18] , and to transition protein 2, for which importin 4 (IPO4) is known to be responsible for its importation into a nucleus [19] , no factors facilitating the replacement of histones by protamines have been discovered [20] .
The results concerning animal cells indicate that protamines are translocated to a nucleus very shortly after their synthesis (half-time approximately 1-2 min) [21] . Moreover, synthesized protamines are soon phosphorylated [21, 22] , and this process is mediated by SR protein-specific kinase 1 [23] . Protamine phosphorylation is a rapid process facilitating their correct binding with DNA [24] . It is also indispensable for protamine translocation to the nucleus by transient association with the receptor of lamin B (present in the inner membrane of a nuclear envelope), whose phosphorylation enables binding with phosphorylated protamines after the receptor is unblocked because of p32 removal [25] .
The mechanism of nuclear protein exchange during spermiogenesis is much less known in plant cells. No information is available concerning the site of synthesis of protamines and their way of transport into a nucleus in M. polymorpha and M. vestitia [4, 5] . The only suggestions concerning this problem come from our ultrastructural, cytochemical, autoradiographic, immunocytochemical, and electrophoretic studies of C. vulgaris and C. tomentosa spermiogenesis. The first hypothesis-that ER was the site of protamine synthesis and its translocation to a nucleus via endocytosis of an inner membrane of the nuclear envelopewas based only on very suggestive ultrastructural pictures of C. vulgaris spermiogenesis [26] . Then, this hypothesis was supported by cytochemical studies of C. vulgaris showing that the replacement of histones by the protamine-type proteins started at the stage rich in ER cisternae [7] . Capillary electrophoresis, which revealed the C. tomentosa proteins to have mobilities similar to that of salmon protamine, supported the results of the cytochemical analyses. It was shown that protamine-type proteins appeared in midspermiogenesis when, like in C. vulgaris, abundant ER cisternae were observed [9, 27, 28] . Electropherograms of early, mid, and late spermiogenesis showed no transient proteins in C. tomentosa and showed that the protamine-type proteins entirely replaced histones in mature spermatozoids in which 9.1-, 9.6-, and 11.2-kDa protamine-type proteins were present [9] .
Recent immunocytochemical analyses of C. vulgaris and C. tomentosa with the use of antibodies to protamine-type proteins of C. tomentosa and for histones [8] have fully supported the previous results: in mid spermiogenesis, the protamine-type proteins appear in nuclei at the stage characterized with the most extensive ER system (stage V) both in C. vulgaris and C. tomentosa.
Moreover, in the cytoplasm of these spermatids, positive immunosignals indicating the presence of the protamine-type proteins were observed in elongated structures that might be ER cisternae.
Chara vulgaris spermiogenesis was also used as a model for immunocytochemical and ultrastructural analyses of the role of the ubiquitin/proteasome system in spermiogenesis regulation [29, 30] . Using inhibitors of proteasome activity MG-132 and epoxomicin, it was observed that these inhibitors did not block protamine synthesis, but they slowed down the course of early spermiogenesis and inhibited histone removal at the final stage of spermiogenesis [30] . This disturbed the formation of fibrillar ultrastructure of chromatin [30] corresponding to the Ward model [31] .
The main aim of the present study was to verify the hypothesis concerning the synthesis of the protamine-type proteins in ER with the use of the immunogold technique. This is the method of choice to specify the localization of different substances in a cell [32] . The results were compared with autoradiographic analyses of semithin sections with the use of 3 H-arginine and 3 H-lysine and the ultrastructure of spermatids fixed with a classic method with postfixation in OsO 4 .
The obtained results strongly support the previous hypothesis and show further perspective on research on translocation of the protamine-type proteins to the nucleus.
MATERIALS AND METHODS
Apical parts of thallus of Chara vulgaris L. were obtained from plants grown in an artificial pond located in the Rogów arboretum (Rogów, Poland). Antheridia were taken from III-V node pleuridia counting from the top. Before the onset of the experiment, the plants were cultivated for a few days in tanks containing water from the natural environment at a photoperiod similar to natural; that is, 14L:10D.
Semithin Section Autoradiography
Apical parts (with antheridia at different spermiogenesis stages) of C. vulgaris were incubated in the mixture of radioactive precursors of proteins ( H-arginine [58 Ci/mM; Amersham]) at the concentration of 25 lCi/ml each for 4 min and were fixed with 3% glutaraldehyde in cacodylate buffer (0.1 M, pH 7.3) for 3 h at 48C immediately after 4 min of incubation (control) and 120 min after incubation in nonradioactive medium pulse-chase autoradiographic studies. Following dehydration in a graded alcohol series, specimens were embedded in Spurr medium.
Semithin sections 1 lm thick were cut with a glass knife on a Reichert Joung Ultracut microtome. In order to obtain semithin sections of the best quality and comparability, only central sections from antheridial filaments were placed on gelatinized slides. Such preparations were covered with liquid photographic emulsion (EM1; Amersham) and exposed for 7 months in darkness at 48C. The autoradiograms were stained with 1% toluidine blue and embeded in Canada balsam.
Average labeling intensity was established on the basis of the number of silver grains over 30 whole areas of the profiles of nucleus and of spermatid cytoplasm at 10 developmental stages at 0 and 120 min after incubation in nonradioactive medium.
Statistics were prepared with the use of Microsoft Excel 2000, and means 6 SE were estimated. Images were captured using a color digital camera DXM 1200 attached to an Optiphot-2 microscope, with ACT-1 software (all from Nikon).
Western Blot Analysis
Chara vulgaris and C. tomentosa antheridia were gently crushed in a cold glass mortar with 10 mM Tris-HCl saline buffer (pH 8.0) supplemented with 10 mM NaCl, 5 mM MgCl 2 , 0.25 M sucrose, 2 mM dithiothreitol, and cocktail protease inhibitor (Sigma). To separate antheridial filament cells from shield cells, the crushed antheridia were repeatedly washed with buffer using a Pasteur pipette. During the last washing, the antheridial filament cells were collected by centrifugation at 1000 3 g for 15 min (48C). Proteins were extracted from antheridial filament cells with the P-PER Plant Protein Extraction Kit (Pierce) according to protocol and then were fractionated on 4%-12% Bis Tris/2-(4-morpholino)-ethane-sulfonic acid SDS-PAGE gels (Novex) and blotted onto polyvinylidene fluoride membrane (0.2-lm pore size; Invitrogen). The protamine-type proteins were detected with the rabbit polyclonal antibody (received in the Department of Immunology, Institute of Microbiology and Immunology, University of Łódź, Łódź, Poland) diluted 1:1000 using the Chromogenic Western Blot Immunodetection Kit (Invitrogen).
Electron Microscopy
Selected C. vulgaris plants were fixed in Sörensen phosphate buffer (0.125 M, pH 7.2)/3% glutaraldehyde for 3 h at room temperature. The antheridia were isolated and squashed in a drop of heated 2% agar in Sörensen phosphate buffer and were postfixed in 1% OsO 4 in 0.125 M veronal buffer, pH 7.3, for 1 h. After dehydration in the alcohol series, the material was embedded in Epon 812 (Polysciences). Ultrathin sections were double stained with uranyl acetate and lead citrate according to Reynolds [33] . The sections were examined and photographed in a JEOL JEM-1010 transmission electron microscope (JEOL, Ltd.).
Immunogold Technique
Chara vulgaris plants were fixed with 0.5% glutaraldehyde and 2.5% paraformaldehyde in 0.1 M cacodylate buffer (pH 7.3) supplemented with 0.007 M CaCl 2 for 3 h at room temperature. The antheridia were isolated and gently squashed in a drop of heated 2% agar in cacodylate buffer and were not postfixed in 1% OsO 4 . After dehydration in the alcohol series, the material was embedded in Epon 812 and Spurr mixture medium (Polysciences). Freshly cut sections were mounted on nickel Formvar-coated grids (Polysciences) for electron microscopy investigations. Air-dried grids with sections were blocked with 0.5% bovine serum albumin and 0.05% Tween 20 in PBS (0.01 M, pH 7.4 and pH 8.2; Sigma) for 10 min and then dried with tissue paper. The sections on grids were incubated overnight at 208C with the primary antibody (rabbit polyclonal antibody) to the protamine-type proteins isolated from antheridia of C. tomentosa (for the isolation technique, see Popłońska et al. [8] ) diluted in an antibody diluent (pH 8.0; DAKO) at a 1:500 dilution. This antibody was received via rabbit injection at the Department of Immunology, Institute of Microbiology and Immunology, University of Łódź, Poland [8] . Then, the grids were washed 10 times for 5 min each with the same PBS and incubated with the secondary antibody (anti-rabbit immunoglobulin G conjugated with 20 nm gold [EM.GAR20; Polysciences]) diluted 1:70 in the antibody diluent for 1.5 h in the same temperature, and then rinsed again in PBS and distilled water (10 times for 5 min each). After this, ultrathin sections were double stained with uranyl acetate and lead citrate according to Reynolds [33] . The sections were examined and photographed in a JEOL JEM-1010 transmission electron microscope.
Analysis of Spermatid Immunolabeling
Spermatids from stages V and VIII were analyzed, and 32 cells from each stage were taken. The percentage of gold grains in each cell compartment was calculated (Table 1) , as was the average number of gold grains per 1 lm 2 of a spermatid nucleus. Areas of spermatid nuclei on electron microscopy images were morphometrically evaluated using a Jenamed 2 microscope (Carl Zeiss, Jena, Germany) with the computer-aided Cytophotometr V1.2 (Forel, Łódź, Poland).
Statistics were prepared with the use of Microsoft Excel 2000, and means 6 SE were estimated.
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RESULTS
Autoradiography of Semithin Sections
In order to eliminate nonspecific localization of silver grains over a nucleus, which results from the squashed preparation technique in which labeling of the cytoplasm over nuclei cannot by avoided, spermatids at 10 developmental stages of spermiogenesis were examined with the use of autoradiography of the semithin sections (Fig. 1, A and B) .
The obtained autoradiograms revealed that just after 4 min of incubation in the mixture of 3 H-arginine and 3 H-lysine and 0 min after incubation in a nonradioactive medium (control) at consecutive stages of spermiogenesis, silver grains were present over nuclei and cytoplasm; however, the former were labeled more, especially at phase V (Fig. 1, A and B) . This means that at this stage, the proteins synthesized in the cytoplasm were very quickly translocated to the nucleus. This process was most dynamic at stage V, which was characterized with a very extensive system of ER cisternae and vesicles (Fig.  1D) . At early stages of spermatid differentiation (I-IV), labeling of both nuclei and cytoplasm was constant, and then it increased at stage V and subsequently decreased significantly (Fig. 1B) .
Pulse-chase autoradiography. After the 120 min following incubation in a nonradioactive medium (pulse-chase) of the antheridia previously incubated for 4 min in the solution of radioactive 3 H-arginine and 3 H-lysine, surprisingly, no increase or decrease in the radioactivity of the nucleus and of cytoplasm, respectively, was observed during stage V spermiogenesis. However, significant (nearly 3-fold) enhancement of the labeling of nuclei was observed at stages VI and VII and also slightly at stage VIII. This result is understandable when spermiogenesis timing is taken into consideration. Earlier studies by Popłońska (unpublished results) showed that the first part of C. vulgaris spermiogenesis (stages I-IV) with high transcriptional activity, during which preparation for further deep structural changes of the nucleus and spermatids took place, lasted 5 days. The next stages (V-IX), when the exchange of nuclear proteins, remodeling of chromatin, and formation of spermatozoids occur, lasted only 5-7 h. Only stage X, when ready spermatozoids wait to be released from a cell through a liberation pore [34] , lasted about 17 h. During the 120 min following incubation, spermatids with strongly labeled nuclei that were at the stage V period of incubation changed their structure into that characteristic of the next stages, which was reflected by the shift of strong labeling of nuclei into stages VI and VII. The increase in labeling intensity of the nuclei could not result from the shift of labeling from weakly labeled cytoplasm of these spermatids (Fig. 1B) .
The analysis of the total number of grains over nuclei at stages V, VI, VII, and VIII after 120 min of incubation revealed that they were 50% more labeled than those after 0 min following incubation. These data suggest that during the 120 min following incubation, transportation of the protaminetype proteins from the cytoplasm into the nucleus continued. However, this process was probably most dynamic just after the synthesis of generative nuclear proteins; that is, still during incubation time.
Electron Microscopy
Electron microscopic analyses of the changes in the nucleus and cytoplasm of C. vulgaris spermatids are summarized on the schematic illustration of the 10 stages of spermiogenesis (Fig. 1C) described by us in detail in a previously published paper [34] .
In the present study, stages V and VI, which are best for analysis of the role of ER in spermiogenesis, the focus of interest.
In the stage V spermatids postfixed in OsO 4 , long, swollen ER cisternae with numerous ribosomes and filled with thick, dark, granular matter were observed in cytoplasm. Together with the cisternae were ER vesicles filled with a slightly lighter substance. Around the vesicles there were adjacent single ribosomes ( Fig. 2A, arrow) . The nucleus was more electron dense than at the earlier stages (data not shown). The nuclear envelope with few pores was filled with a substance of electron density similar to that in ER cisternae (Fig. 2A) . The membrane of the nuclear envelope became invaginated, and inside the nucleus there were vesical structures called nuclear reticulum (NR) filled with a granular or fibrillar substance (Figs. 1D and 5A). Condensed chromatin was located peripherally near the nuclear envelope, and noncondensed chromatin was in the center of the nucleus (Figs. 1D and 2A) . In the cytoplasm, free polysomes were abundant, the Golgi structures were surrounded by numerous vesicles, and the condensed mitochondria occurred. The plastids contained membranous structures and small starch grains (Fig. 1D) . At this stage, cytoplasm was significantly removed from the side wall of the cell. In the space between the cell wall and cytoplasm on either side of the cell there were two to four cross-sections of two flagellae (depending on the stage of this phase), which went around the cell at the outside of the plasmolemma (Fig. 1D) .
Immunogold Analyses of Ultrathin Sections
Immunogold analyses were done with the use of antibodies against protamine-type proteins. As indicated by Western blot analysis, these antibodies recognized the presence of protamine-type proteins in extracts from antheridial filament cells at stage X spermiogenesis, whereas they were lacking in extracts from stage I spermiogenesis (Fig. 3A') .
For immunogold analyses, the material was not postfixed in OsO 4 , which renders spermatid membranes hard to see. Both ER cisternae and vesicles on electronograms contained much less of the granular substance than those fixed with the classic method (compare Figs. 3-5 with Fig. 2A ). It seems that in the immunogold technique, some material in ER is lost.
Different pHs for the PBS buffer (7.4 and 8.2) did not change the arrangement of gold grains in the cell (compare 
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Figs. 3C and 4A with 6A). In the spermatids not treated with the antibodies, this labeling was absent (negative control; Fig.  2B ). At stage V of spermiogenesis, immunogold technique revealed gold grains generally in the nucleus (63%) as well as the ER (29%). Gold grains were present in ER vesicles (Figs. 3, A-C; 4 , B and C; and 5A) as well as in thin (Figs. 3, A and C, and 4A) and swollen ER cisternae (Figs. 3B; 4, B and C; and 5A). Some vesicles contained a light gray granular substance, whereas others did not; however, both types were labeled. The gold grains were localized at the surface of the vesicles and cisternae membranes as well as inside them (Figs.  3-5) . The system of ER canals was connected with the nuclear envelope (Figs. 2B, 3B , and 4A), and in both these structures single gold grains also were present (Figs. 3, B and C; 4, A and B; and 5A). Labeling also was observed close to the inner membrane of the nuclear envelope adjacent to condensed chromatin (4%; Figs. 3C and 5A and Table 1 ). Moreover, invaginations of the inner membrane of the nuclear envelope also contained single gold grains in their central parts (Fig. 4, C  and D) . Inside the nucleus, vesicles of NR with gold grains could be seen (Fig. 5A) . This kind of picture may indicate the pathway by which protamine-type proteins are transported to the nucleus.
At stage V, labeled nuclei were not uniform-their peripheral parts with condensed chromatin were 2-fold more labeled than the inner parts with noncondensed chromatin (Figs. 3C; 4 , A, C, and D; and 6A; and Table 1) .
At the next stage (VI), the pattern of gold labeling in spermatids was similar, but it was less intense in the ER (Fig. 5B) . [34] , modified. Arrow shows the pore in the nuclear envelope; four-arm star, invagination of inner membrane of nuclear envelope. c ER, endoplasmic reticulum cisternae; v ER, endoplasmic reticulum vesicles; f, flagella; G, Golgi structures; m, mitochondrium; n, nucleus; ne, nuclear envelope; NR, nuclear reticulum; p, plastid with starch grains; pl, plasmodesmata with ER.
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At stage VIII, gold grains were more abundant in the nucleus (87%), whereas in the reduced ER, where vesicles and cisternae were hardly visible, they accounted for only 4%. The area of the crescent nuclei with fibrillar chromatin, in contrast with stage V (Fig. 6A) , was evenly labeled (Fig. 6B) . Moreover, for spermatid nuclei in stages V and VIII, immunogold grain densities per 1 lm 2 were 8.6 gold grains and 34.2 gold grains, respectively.
DISCUSSION
Autoradiographic analyses of C. vulgaris spermiogenesis show that significant activity of 3 H-arginine and 3 H-lysine incorporation is characteristic of the first stages, during which spermatids have a number of ultrastructural features typical of meristematic cells. Moreover, the highest dynamics of transport of the labeled particles into a nucleus is observed at stage V. During 4 min of incubation, 83% of the markings over the nucleus occurred. Nascent trout spermatid protamines exhibited similar dynamics of translocation into a nucleus [21] . In C. vulgaris, stage V is characterized with an extensive ER system. On the other hand, immunocytochemical studies show that protamine-type proteins appear for the first time at that very short stage, which means the beginning of their synthesis, which continues but much less dynamically (as reflected by weaker incorporation of labeled amino acids) through stages VI, VII, and VIII, when distinct changes in the nucleus structure are observed in spermatids, and the amount of cytoplasm is significantly reduced. Immunocytochemical studies show that during these stages, the amount of histones in the nucleus gradually diminishes, whereas that of protaminetype proteins increases [8] . 4 (negative control to immunogold technique). White arrow shows connection cisternae ER with nuclear envelope; five-arm star, connection vesicle with ER cisternae. c ER, endoplasmic reticulum cisternae; v ER, endoplasmic reticulum vesicles; n, nucleus; ne, nuclear envelope; pl, plasmodesmata; r, ribosomes (black arrow). Original magnifications 360 000 (A) and 322 000 (B).
FIG. 3.
A-C) Ultrastructure of C. vulgaris spermatids at stage V in longitudinal section (immunogold technique). Arrow shows connection cisternae ER with nuclear envelope; four-arm star, invagination of the inner membrane of nuclear envelope; black triangle, gold grain; white triangle, unidentified structure. c ER, endoplasmic reticulum cisternae; v ER, endoplasmic reticulum vesicles; n, nucleus; ne, nuclear envelope. Original magnifications 360 000 (A and B) and 350 000 (C). (A') Antiprotamine-type protein immunoblot of lysates from the C. tomentosa antheridia. I and X indicate lysate from the antheridial filament cells from stages I and X of spermiogenesis, respectively. The arrow at 17 indicates a weakly visible red-colored band in standard molecular weights. *Proteins with molecular weights analogical to those observed on electropherograms [9] . **Proteins revealed with Western blot technique; compare with Fig. 1 in Reynolds and Wolfe [5] . Western blot analyses of C. vulgaris antheridia were analogical (data not shown).
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Comparative studies of the ultrastructure of 10 consecutive spermiogenesis stages in C. vulgaris [34] and in C. tomentosa [9, 27, 28] show that only stage V exhibits an abundance of rough ER cisternae, which are continuous with a nuclear envelope and, through plasmodesmata, with neighboring spermatids of antheridial filaments. This continuous structure enables synchronization of these key stages in a wholeantheridial filament [35] . It is very interesting that C. vulgaris and C. tomentosa plasmodesmata, which are penetrated by ER, are extremely similar to the connections between rat spermatids, which also contain ER cisternae [36] .
Stage V of spermiogenesis, in comparison with stages I-IV, which together last 5 days on average (Popłońska, unpublished results]), is very short, not longer than 2 h (see the 120-min pulsechase), and thus is easily overlooked-that is why a number of authors examining Chara spermiogenesis did not describe it (C. fibrosa [37] , Chara contraria [38] , and C. vulgaris [39] ).
Pulse-chase autoradiography demonstrates that further stages VI and VII are also short, because nuclei nonradioactive at time 0 become radioactive during the 120 min after incubation.
In the cells fixed with OsO 4 , rough ER cisternae were filled with dense, fine-granular content. Content with a similar electron density is present in the intermembranous space of a nuclear envelope. At stage V, in addition to cisternae there are numerous ER vesicles surrounded by a lipid bilayer. Single ribosomes are attached to them. These vesicles contain lighter and finer substance than ER cisternae. These pictures suggest that the ER of C. vulgaris spermatids, similarly to those of different cell types of other organisms [40] , consists of subdomains that can be equipped with different systems indispensable for their various functions.
The immunogold technique shows that ER vesicles with single ribosomes are labeled with gold. Thus, it is possible that they may by the site of protamine-type protein synthesis. This   FIG. 4 . Ultrastructure of C. vulgaris spermatids at stage V in longitudinal section (immunogold technique). Arrow shows connection of ER cisternae with nuclear envelope; four-arm star, invagination of inner membrane of nuclear envelope; asterisk, connection vesicle with ER cisternae. c ER, endoplasmic reticulum cisternae; v ER, endoplasmic reticulum vesicles; n, nucleus; ne, nuclear envelope. Original magnifications 360 000 (A, C, and D) and 345 000 (B).
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577 fact seems to correspond with the information that diribosomes are intensively engaged in the synthesis of 14 C-arginine-labeled protamines during spermiogenesis in trout [41] .
Endoplasmic reticulum cisternae visualized with the immunogold technique, in which OsO 4 postfixation is absent, are devoid of granular substance, unlike those fixed with the classic method. Thus, it seems that some of their content was lost during fixation. However, there are gold grains in ER cisternae, which suggests that both ER subdomains are engaged in the protamine-type protein synthesis.
The fact that in trout 14 C-arginine-labeled protamines are synthesized in the cytoplasmic microsomes connected with a nucleus but easily detachable [42] also seems to indicate that protamine synthesis may take place in ER.
Research on animal spermiogenesis [1, 15, 21, 22] shows that protamines become phosphorylated in the cytoplasm just after their synthesis, and their dephosphorylation takes place only after binding with DNA. An analogous process seems possible during Chara spermiogenesis. On the other hand, the proteins from ER vesicles are first incorporated into ER cisternae via fusion, and most likely only there do they mature. Then, through direct connections these proteins move from the ER cisternae to the internal space of a nuclear envelope where, similarly to during animal spermiogenesis [25] , they probably bind with phosphorylated lamin receptors or lamin-like proteins characteristic of plants [43, 44] . The above suggestion is very strongly supported by the localization of gold grains on the inner membrane of the nuclear envelope adjacent to condensed chromatin (Figs. 3C, 4A , and 5A). The protaminetype proteins probably move into the nucleus via endocytosis by invagination of this membrane into the nucleoplasm [34] , where these proteins may lose affinity to lamin receptors and move to their final destination. The gold grains in the vesicles located inside the nucleus (NR) are not bound with their surface. Further experiments on the Chara spermiogenesis model with the use of electron microscopy and the immunogold technique will be conducted to prove the above suggestions. Nuclear transport via endocytosis by invagination of the inner membrane of the nuclear envelope forming NR [34] was also described in Lilium regale placenta cells [45] .
At the later spermiogenesis stage (VIII), clear accumulation of immunogold labeling, accompanied by its decrease in ER, was observed. Thus, the situation seems to cause further transport of protamine-type proteins into a nucleus. Even distribution of gold grains in the nuclei at stage VIII is related to the disappearance of the differentiation of chromatin into two types, condensed and noncondensed, which in turn results from the remodeling of chromatin ultrastructure from somatic to that characteristic of generative structure; that is, in the form of parallel fibrils. 
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It seems to us that a phenomenon similar to that described in Chara may also occur during animal spermiogenesis. An extensive ER system connected with the nuclear envelope was observed in elongating rat spermatids [36] . Other authors also have stressed the role of ER in spermatid differentiation [46] [47] [48] [49] [50] ; however, to our knowledge, apart from the previously mentioned paper by Ingles and Dixon [42] , in which the authors suggested the localization of the protamine synthesis in a microsomal fraction, ER was not implicated in protamine synthesis during spermiogenesis in other organisms.
